Congenital heart disease (CHD) is extremely rarely reported in 48, XYY, +21 karyotype. Herein, we reported one case of 48,XYY,+21 karyotype with CHD and reviewed the available literature. The phenotypic characteristics of the 4-month-old child showed the presence of features typical of mongoloid slant. X-ray detection showed the form of heart was corpulent and the bilateral mediastinum was broad. Doppler echocardiogram detection showed atrial septal and ventricular septal defects with patent ductus arteriosus, pulmonary hypertension and mild tricuspid regurgitation. Including this case, 63 cases of 48, XYY, +21 chromosome pattern have been reported. However, only 9 cases have CHD.
Introduction
Down syndrome (trisomy 21, DS) is the most common chromosomal disorder in humans with an incidence of one in 770 live births (1) . On the other hand, Klinefelter syndrome (KS), in which there is one extra X chromosome resulting in the karyotype of 47, XXY (2) , is also the most common disorder of sex chromosomes in humans, with prevalence of one in 500 males. The existence of two chromosomal abnormalities in the same individual is a relatively very rare phenomenon. Double trisomy (DT) leading to trisomy and/or monosomy of two different chromosomes arises because of two meiotic non-disjunctional events. Both these aneuploidies could have the same or different parental origin. The coincidence rate of both DS and KS in the same individual is about 0.098% in newborn (3) . Many cases of DT of XXY and trisomy 21 have been published since the first reported by Ford et al. (4) However, to our knowledge, only 8 cases of 48, XXY, +21 chromosome pattern with congenital Heart Disease (CHD) were reported previously with limited information (5) (6) (7) (8) (9) (10) (11) (12) .
Herein, we report a case of 4-month-old boy who exhibited 48, XXY, +21 karyotype with CHD and review the pertinent literature to highlight the clinical features, diagnosis and management of this rare event.
Case Report
A 4-month-old child, the second-born of the parents, was admitted to our unit because of low appetite, small appearance and a weak cry. He was born at 38 weeks' gestation at home via normal spontaneous vaginal delivery following an uncomplicated pregnancy. The boy was gravida 2, para 2, and born without asphyxia history. His birth weight was about 2.6 kg. His mother was 30 years old and did not use alcohol, drugs, or any medications during the pregnancy. His father was 32 years old and suffered from hyperthyroidism.
Upon physical examination, the child was 52 cm in height, 3.6 kg in weight and 34.5 cm in head circumference. Anterior and posterior fontanelles were patent and cranial sutures slightly separated. The genitalia were those of a normal, immature male. Generalized hypotonia was noted. No webbing of neck, multi nevus or lymphoedema was found. However, the phenotypic characteristics of the child showed the presence of features typical of mongoloid slant, including brachycephaly, flat facial profile, flat nasal bridge, short thick neck, hypertelorism, simian crease, slanted palpebral fissures, slightly low-set ears, flattened against the head, sandal gap sign, macrognathia, high palate, low hair line, and micropenis ( Fig. 1) .
The TORCH-IgG test showed positive for human cytomegalovirus and herpes simplex virus. The DNA test of Gram-negative bacteria was positive. Chest X-ray showed that the form of heart was corpulent and the bilateral mediastinum was broad, as observed in detection. The Doppler echocardiogram detection showed large atrial septal defect (secundum 0.55 cm) and ventricular septal defect (0.65 cm) with patent ductus arteriosus (0.3 cm), pulmonary hypertension and mild tricuspid regurgitation (Fig. 2) . The neurological exam was normal and the aural, ocular, nasal, thoracic and pulmonary exam all showed normal results. However, the dermal exam showed scattered eczema. Laboratory test results for liver and kidney function were all within normal limits or negative.
Cytogenetic study from both peripheral blood cultures revealed a complement of 48 chromosomes with two extra chromosomes in the G group. The karyotype was 48,XYY, +21 (Fig. 3) . Two Y chromosomes were readily recognized on morphological criteria, and the other extra G group chromosomes was presumed to be 21. All metaphases were found to have the same pattern and no mosaicism was detected. The karyotypes of the parents were normal.
Discussion
Aneuploidy is defined as an abnormal number of chromosomes. It can involve both autosomal (chromosome 13, 18 or 21) and sex chromosomes and each may manifest either as a monosomy or trisomy or even tetra-or pentasomy. Theoretically, 50% of XXY cases could arise from an error in paternal meiosis Iand the remaining in maternal meiosis I or II. On the other hand, trisomy 21 can originate in either of the divisions in both parents. Abnormal separation of chromosomes may occur in older individuals because of dysfunction of structures related to chromosome separation, such as the spindle apparatus and kinetochore.
The first patient with double trisomy combining Down syndrome and Klinefelter syndrome was described by Ford et al. (4) in 1959. Since then, about 62 cases have been reported in the literature, which include 36 cases with known parental ages, Kovaleva and Mutton (3) found that the risk for 48,XXY,+21 was age dependent, with a mean maternal age of 33 years and a mean paternal age of 38 years. However, in this report, the parents of the case were relatively young, 30-year-old mother and 32-year-old father. Hence, we thought that it is also necessary to pay attention to this rare event in younger parents.
As sexual development in humans primarily depends on the presence of the Y chromosome, the 48,XXY,+21 karyotype usually presents male phenotype. Most of the published cases of 48,XXY,+21 showed typical features of Down syndrome alone. But the characteristic features of Klinefelter syndrome are not apparent until the post-pubertal stage. According to the Down-Klinefelter case reports, neonates and infants younger than 10 months show few or no clinical appearance of Klinefelter syndrome. These characteristics begin developing with the child ages. Our neonate had features of trisomy 21, but not Klinefelter syndrome, which is consistent with other case reports.
Adult patients with isolated Klinefelter syndrome may occasionally suffer from mitral valve prolapse. However, an obvious relationship between this syndrome and CHD has not been documented, with exception of several case reports (13) . In contrast, Down syndrome alone is well known for cardiac anomalies, occurring in 40% to 50% of patients (14) . Freeman et al. (15) reported a 44% incidence of CHD in a group of 227 infants with DS, of which 45% were atrioventricular, 35% were ventricular and 8% had an isolated atrial septal defect. The remaining 12% had other anomalies. To the best of our knowledge, including this case, 63 cases of double trisomy with 48, XXY, +21 chromosome pattern were reported, but only 9 cases have congenital heart disease ( Table 1) . The incidence and spectrum of cardiovascular anomalies in children born with DownKlinefelter syndrome is not known. Prior to our case only 8 case reports on CHD in these patients were published.
In conclusion, Down-Klinefelter syndrome is a rare occurrence. It presents trisomy 21 characteristics early in life and Klinefelter syndrome features after 10 months of age. Pediatric cardiologists are familiar with screening of babies with DS for CHD. However, in children diagnosed with KS, a CHD has only rarely been reported. Reports on CHD with double aneuploidy of DS and KS are scarce with the incidence of 9/63. We report on a child with DS and KS associated with a large ventricular septal defect (0.65 cm) and an atrial septal defect (0.55 cm) with patent ductus arteriosus (0.3 cm), pulmonary hypertension and mild tricuspid regurgitation. 
